In this paper, we not only corrected the equation but found a useful analytic solution to this important problem. We also extended the problem for hydromagnetic flow and heat transfer with Hall effect. The explicit analytic homotopy solution for the velocity field and heat transfer are presented. Graphs for the velocity field, skin friction coefficient, and rate of heat transfer are presented. Tables for the skin friction coefficient and rate of heat transfer are also presented. The convergence of the solution is also properly checked and discussed.
Introduction
The production of sheeting material occurs in several industrial manufacturing processes and includes both metal and polymer sheets. In the manufacture of polymer sheets, the material is in the molten phase when thrust through an extrusion die and then cools and solidifies some distance away from the die before arriving at the collection * E-mail: haiderzaman67@yahoo.com stage. Glass blowing, continuous casting, and spinning of fibers also involve flow due to stretching surface. Various investigators [2] [3] [4] [5] [6] have studied the flow over a stretching surface for Newtonian fluids. The authors [7] [8] [9] [10] also extended such studies for non-Newtonian fluids. The authors [11] [12] [13] [14] [15] [16] also considered flow over a stretching surface. It is known now that the study of Hall current is very important in the presence of a magnetic field [17] . A current induced in a direction normal to the electric and magnetic fields is called Hall current. Magnetohydrodynamic (MHD) flows with Hall effect are encountered in power generators, MHD accelerators, refrigeration coils, electric transformers etc. Considerable efforts have been devoted to study the effects of Hall current in various directions. The effect of Hall current on the MHD boundary layer flow is considered by authors [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . Furthermore, the heat transfer and Hall effect in the stretching flow is examined in the Refs. [30] [31] [32] [33] . Recently, Vajravelu and Roper [1] have presented the numerical solution for flow and heat transfer in a second grade fluid over a stretching sheet. The aim of the present communication is to correct the important problem [1] and to find the useful HAM solution for this. HAM is a reliable method which has been already used by several researchers in finding the series solutions of many problems . The equations considered by [1] are found to be incorrect in the literature. The equations are corrected and the HAM solution for the velocity field and heat transfer is developed. Graphs for the velocity field, heat transfer parameter and skin friction coefficient are presented. Tables for the rate of heat transfer and the skin friction coefficient are also presented. The study is also extended for Hall current. Furthermore, the effects of the magnetic parameter and the Hall parameter on the flow and on the heat transfer are disscussed, from graphs and tables. It is observed that the flow is always from the stretching sheet to the fluid. It is also observed that when we neglect the effect of Hall parameter by taking the Hall parameter = 0 the results for the problem without Hall current are recovered.
HAM solution for boundary layer equations
The boundary layer equations [1] in corrected form are
where primes denote differentiation with respect to η and λ 1 is the viscoelastic parameter. For the HAM solution, we choose
as an initial approximation of and with an auxiliary linear operator 1 satisfying 
subject to the boundary conditions
and when = 0 and = 1, then
As the embedding parameter increases from 0 to 1, φ (η ) varies (or deforms) from the initial approximation 0 (η) to the solution (η). Using Taylor's theorem and Eq. (9), one obtains
in which
Clearly, the convergence of the series (10) depends upon 1 . Assume that 1 is selected such that the series (10) is convergent at = 1, then due to Eq. (9) we have
For the order deformation problem, we differentiate Eqs. (6) and (7) − w.r.t and then setting = 0 and finally dividing it by ! the − deformation equation for ≥ 1 is given by
where
To obtain the solution of the above equation up to first few orders of approximation, the symbolic computation software MATHEMATICA may be used in writing
Inserting Eq. (17) into Eq. (13) we get the following recurrence formulae for the coefficient of (η) as follows for
The coefficients ∆1 and ∆5 , are given by
Utilizing the above recurrence formulae, all coefficients can be computed using only the first three 
given by the initial guess approximation in Eq. (3). The corresponding M order approximation of Eqs. (1) and (2) is
and the analytic solution of the problem is
HAM solution for boundary layer equations in presence of magnetic field and Hall current
In this case the boundary layer equations are
where λ 1 is the viscoelastic parameter and
σ is the electrical conductivity, ρ is the fluid density, B 0 is the magnetic field, C is the stretching constant and is the Hall parameter. The HAM solution for this problem is the same as of the above, with the only difference lying in Eq. (23), which in this case is written as
where 2 is the homotopy parameter in this case and M is the complex quantity as defined in Eq. (40) 4. Deduction of solution of the velocity field from the solutions obtained in the presence of magnetic field and Hall current 
HAM solution for heat transfer
Here the resulting problem [1] is
where P is the Prandtl number, E is the Eckert number and α is the heat source/sink parameter.
For the HAM solution we choose the auxiliary linear operator 2 and initial guess as
C 4 and C 5 are arbitrary constants. Using the same procedure as in the case of velocity field we have
In this case we get the following recurrence formulae for the coefficients of θ (η) when The analytic solution of the problem is
Convergence of the analytic solution
Clearly, Eqs. (37) and (68) contain the auxiliary parameters 1 and 3 , which give the convergence region and rate of approximation for the homotopy analysis method.
2 is the auxiliary parameter in the presence of magnetic field and Hall current. For this purpose, the -curves are plotted for and θ. In Figs. 1-3 
Graphs and discussion
Now we discuss the variation of the horizontal and vertical velocity components with distance from the surface for different values of the viscoelastic parameter λ 1 magnetic parameter and Hall parameter . We also discuss vari- 1 -curve for the 16 order of approximation for the velocity field (η) at λ 1 = 1 ation of the skin friction coefficient (0) with the elastic, magnetic and Hall parameters. Fig. 7 shows variation of the horizontal velocity component (η) with distance from the surface η for several values of the viscoelastic parameter λ 1 . The velocity increases with increasing elasticity λ 1 of the fluid. The boundary layer structure is observed and the boundary layer thickness increases with increasing λ 1 , which results in thickening of boundary layer. From Fig. 8 it is observed that for a fixed value of λ 1 , with increasing the horizontal velocity (η) decreases and the boundary layer thickness decreases which causes a shear thinning effect. Fig. 9 shows variation of the horizontal component of velocity (η) with distance η from surface. It is observed that with increasing λ 1 the horizontal velocity at a point increases, for a fixed value of . Fig. 10 shows the variation of the vertical component of the velocity (η) with distance η from the surface. It is observed that with increasing λ 1 the vertical velocity at a point increases. The boundary layer thickness decreases which causes a shear thinning effect. Fig. 11 shows vari- ation of (η) with distance η from the surface for several values of magnetic parameter , and for a fixed value of λ 1 . It is observed that with increasing the vertical velocity decreases, the boundary layer thickness increases and causes a shear thickening effect. Fig. 12 shows variation of (η) with η for a fixed value of and several values of λ 1 . It is observed that with increasing λ 1 the vertical . It is found that with increasing magnetic parameter the real part of the velocity decreases. Fig. 17 shows the variation of the imaginary part of the horizontal component of velocity Im( (η)) with η for fixed values of λ 1 and . It is found that with increasing magnetic parameter the imaginary part of the velocity decreases. Fig. 18 shows the variation of the real part of the skin friction parameter Re( (0)) with for several values of λ 1 . It is found that for a fixed value of , with increasing λ 1 the real part of the skin friction parameter increases. Fig. 19 shows the variation of the imaginary part of the skin friction parameter Im( (0)) with for several values of λ 1 . It is found that for a fixed value of , with increasing λ 1 the imaginary part of the skin friction parameter decreases. Fig. 20 shows the variation of the real part of the skin friction parameter Re( (0)) with for several values of λ 1 . It is found that for a fixed value of , with increasing λ 1 the real part of the skin friction parameter increases. Fig. 21 shows the variation of the imaginary part of the skin friction parameter Im( (0)) with for several values of λ 1 . It is found that for a fixed value of , with increasing λ 1 the imaginary part of the skin friction parameter increases.
Graphs are plotted for the temperature distribution θ (η) for different orders of approximation. These graphs shows the variation for the six parameters: (1) Prandtl number P , (2) Eckert number E, (3) Elastic parameter λ 1 , (4) Magnetic parameter , (5) Hall parameter , and (6) Heat source / sink parameter α. Fig. 22 shows the variation of θ(η) with η for several values of λ 1 and α. It is observed that for a fixed value of P E and α the temperature at a point decreases with increasing elastic parameter λ
1 . This graph further shows that by keeping λ 1 fixed and increasing α the temperature θ (η) at a point increases. shows that temperature θ (η) shows the same behavior for increasing P . From Fig. 24 it is observed that for a given point the temperature gradient θ (0) decreases with increasing λ 1 for a fixed value of α and for a fixed value of λ 1 it is noted that temperature gradient increases with increasing α. Fig. 25 shows the varation of θ (η) with η in the presence of the magnetic field . The same be- decreases with increasing λ 1 . It is also observed that for a fixed value of λ 1 the temperature gradient increases with increasing α. When Hall current is incorporated then temperature distribution becomes complex. Fig. 27 shows the variation of Re(θ (η)) with η for fixed values of E P and . It is observed that for fixed value of α with increasing λ 1 , Re(θ (η)) decreases and for a fixed value of λ 1 , Re(θ (η)) increases with increasing α. Fig. 28 shows the variation of Im(θ (η)) with η for fixed values of E P and . It is observed that for a fixed value of α with increasing λ 1 , Im(θ (η)) decreases and for a fixed value of λ 1 , Im(θ (η)) increases with increasing α. Fig. 29 shows the variation of Re(θ (0)) with P for fixed values of E and . It is observed that for a fixed value of α with increase in λ 1 , Re(θ (0)) increases and for fixed value of λ 1 , Re(θ (0)) decreases with increasing α.
Tables
Here Tabs. 1-2 It can be seen from Tab. 1 that for a fixed value of the elastic parameter λ 1 , the magnitude of the wall shear stress i.e, skin friction parameter (0) increases with increasing magnetic parameter . It is also observed that for a fixed value of , the wall shear stress decreases with increasing λ 1 . 
Conclusion
We have modelled the governing equations for the boundary layer flow and heat transfer due to a stretching sheet in the presence of magnetic field and Hall current. The equations considered by Vajravelu and Roper [1] , are found incorrect in the literature; we also corrected these equations. The fluid is assumed to be non-Newtonian, incompressible and viscous. The "Homotopy Analysis Method" is used to find the explicit analytic solution of the given non-linear problem. It is observed that the results for the problem without Hall effect are recovered by neglecting the effect of Hall parameter by taking = 0.
